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DObjective: Poland syndrome is a rare congenital anomaly characterized by complete or partial agenesis of the
pectoralis major muscle variably associated with other thoracic malformations, upper limb malformations, or
both. More than 20 patients with dextrocardia and left-sided Poland syndrome have been previously described.
The association between these 2 rare anomalies suggests a causal relationship, but the etiopathogenetic mecha-
nism has not been clarified yet. We studied the clinical correlation between these 2 anomalies, and we tried to
elucidate whether dextrocardia or Poland syndrome comes first.
Methods: This is a multicentric multidisciplinary study conducted over the last 5 years. We identified 122 pa-
tients with Poland syndrome, and we investigated heart position through different imaging techniques. Logistic
regression statistical analyses were carried out.
Results:We observed dextrocardia in 14 (11.5%) patients, which was never associated with situs inversus. All of
them presented with left-sided Poland syndrome and partial agenesis of 2 or more ribs. Conversely, all patients
with Poland syndrome with partial agenesis of 2 or more ribs presented with dextrocardia, whereas dextrocardia
was never associated with partial agenesis of a single rib. Three patients with dextrocardia presented with simple
congenital heart defects.
Conclusions: These findings suggest that mechanical factors during embryonic life could explain the strong as-
sociation between left-sided Poland syndrome and dextrocardia. According to this hypothesis, partial agenesis of
2 or more ribs is needed to displace the heart toward the right side. The peculiar features of dextrocardia when
associated with Poland syndrome (neither associated with situs inversus nor complex intracardiac anomalies)
support our hypothesis. (J Thorac Cardiovasc Surg 2010;139:1177-82)In 1841, Alfred Poland was one of the first who described the
association of ipsilateral pectoral muscle defect and hand
syndactyly.1 Since that time, numerous reports further de-
scribed this association, which has become known as Poland
syndrome (PS).
PS is a rare congenital anomaly characterized by agenesis
or hypoplasia of the pectoralis major and minor muscles. In
most cases pectoral involvement is associated with a wide
spectrum of thoracic and upper limb deformities, such as hy-
poplasia or absence of the breast or nipple, agenesis or defor-
mity of ribs, and ipsilateral hand deformities. According toe Pediatric Surgery Department,a the Laboratory of Molecular Genetics,b the
ovascular Department,c the Hand Surgery and Microsurgery Unit,f the Radiol-
nit,g and the Epidemiology and Biostatistics Service, Scientific Direction,h
ni Children Hospital, Genova, Italy; the Reproductive Genetic Counselling
Teratology Center,d Maternal and Infant Department, ARNAS Garibaldi
a, Catania, Italy; and the Plastic and Reconstructive Surgery and Burn Centre
e Hospital of Pisa, Pisa, Italy.
ures: None.
rre and A. Baban contributed equally to this work.
d for publication March 31, 2009; revisions received July 19, 2009; accepted
blication Aug 10, 2009; available ahead of print Nov 12, 2009.
for reprints: Michele Torre, MD, Pediatric Surgery Department, Gaslini Chil-
Hospital, Largo G. Gaslini 5, 16148 Genova-Italy (E-mail: micheletorre@
ail.com).
23/$36.00
ht  2010 by The American Association for Thoracic Surgery
016/j.jtcvs.2009.08.024
The Journal of Thoracic and Cardifferent authors, the incidence of PS is 1:20,000 to
1:30,000 live births.2,3
Dextrocardia is an embryologic malformation character-
ized by the displacement of the major axis (base to apex)
of the heart to the right side of the chest, with reversion of
the apical inclination (Figure 1). The association of PS and
dextrocardia has been reported in 22 cases until now,4-11 ac-
counting for 5.6% of reported PS cases.5 This is an exceed-
ingly high association rate that suggests a causal relationship
between these 2 rare anomalies, but it is not clear yet whether
PS or dextrocardia comes first.5 Both explanations are pos-
sible: dextrocardia occurs first and consequential vascular
anomalies determine PS, or some factor in fetuses with PS
determines secondary dextrocardia. Finally, a third possibil-
ity is that the same causal factor leading to dextrocardia is
able to determine an alteration in the thoracic development,
finally resulting in PS.
In this study we investigated the clinical correlation be-
tween PS and dextrocardia, suggesting a possible etiopatho-
genetic explanation of this association.MATERIALS AND METHODS
Over a 5-year period (January 2003 to December 2008), 122 patients
with PS were referred to 3 medical centers that were members of the Scien-
tific Committee of the Italian Association of Poland Syndrome. More than
90% of them were evaluated in a single Center (G. Gaslini Institute,diovascular Surgery c Volume 139, Number 5 1177
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D11Abbreviations and Acronyms78CI ¼Theconfidence intervalOR ¼ odds ratio
RH ¼ rib hypoplasia
PRA ¼ partial rib agenesis
PS ¼ Poland syndromeFIGURE 1. Thoracic radiograph showing dextrocardia and partial rib
agenesis of the third and fourth left ribs.Genova, Italy). The diagnosis of PS was made if complete or partial agenesis
of the pectoralis major muscle was clinically observed and confirmed by
means of ultrasonographic examination. All the patients underwent clinical
and radiologic examinations to rule out other thoracic anomalies, upper limb
anomalies, or both, as well as other associated anomalies. Our protocol for
patients with PS includes pectoral region ultrasonographic, thoracic radio-
graphic, echocardiographic, and abdominal ultrasonographic analysis.
Some patients with specific indications undergo hand or spine radiographic
analysis or thoracic computed tomographic analysis.
Heart position was determined in all individuals by means of chest (103
patients), spine (25 patients), or both radiographic analysis and/or echocar-
diographic analysis (96 patients). Computed tomographic scanning or mag-
netic resonance imaging was performed in 21 patients for specific
indications.
We defined partial rib agenesis (PRA) as the lack of the anterior costal
arc, with the rib ending without joining the sternum (Figure 2, A). We de-
fined rib hypoplasia (RH) as the anomaly of a rib (thinner or deformed) nor-
mally articulating with the sternum (Figure 2, B).12
Informed consent, according to the guidelines approved by our ethics
committee, was obtained from adult patients and from the parents or legal
guardians of every child participating in the study.
Data were described as means, standard deviations, and medians with
range for continuous variables, whereas absolute and relative frequencies
were used for categorical variables. Univariate analysis was carried out to de-
termine the potential risk factors significantly associated with left-sided PS.
Logistic regression analyses were used for each variable, and results are
reported as odds ratios (ORs) with 95% confidence intervals (CIs). For each
analysis, the absence of exposure to the factor or the variable less likely as-
sociated with the risk was used as the reference.
All P values were based on 2-tailed tests. Statistical analysis was per-
formed with SPSS for Windows (SPSS, Inc, Chicago, Ill).
RESULTS
One hundred twenty-two patients with PS were studied.
Their age ranged from 6 months to 53 years, with a median
age of 8.9 years. Median age at diagnosis was 3 months
(range, birth to 43 years); 57% of them were given diagno-
ses during the first year of the life. As shown in Table 1, PS
was more frequently observed in male subjects (68%) than
in female subjects (32%), with a 2:1 ratio, and more fre-
quently on the right side (59%) than on the left side
(41%). Fifty-seven (81.4%) of the 72 patients with right-
sided PS had normal ribs, and 13 (18.6%) had rib defects,
whereas 30 (60%) of the 50 patients with left-sided PS
had normal ribs, and 20 (40%) had rib defects: 3 (6%)
with RH and 17 (34%) with PRA. Univariate analysis
showed that left-sided PS was strongly associated with
PRA (OR, 4.61; 95% CI, 1.72–12.35; P ¼ .009; Table 1).
Dextrocardia was observed in 14 (11.5%) patients. The
clinical features of these patients are summarized in Table 2.Journal of Thoracic and Cardiovascular SurIn these patients we observed the same male/female ratio
(2:1) as in our PS population. Univariate analysis showed
that left-sided PS was strongly associated with isolated dex-
trocardia (OR, 57; 95% CI, 3.3 to very high; P ¼ .00001).
Simple congenital heart defects were observed in 3 patients
with dextrocardia (2 patients with an atrial septal defect that
closed spontaneously in one of them and 1 patient with a ven-
tricular septal defect). Nine patients had normal upper limbs,
2 presented mild hypoplasia, only 2 showed the classic
symbrachydactyly, and 1 had absent fingers and Sprengel
anomaly.
All 14 patients with dextrocardia presented with left-sided
PS with PRA. Considering the number of cases of PRA, all
patients with dextrocardia had PRA of 2 or more ribs, affect-
ing more frequently the second, third, and fourth ribs,
whereas PRA of a single rib was never associated with dex-
trocardia (Table 3). On the other hand, all patients with PRA
of 2 or more ribs presented with dextrocardia.
No specific constant exposure to environmental factors
during pregnancy was observed in these patients. All 14 pa-
tients with PS had sporadic disease. However, a positive
family history for dextrocardia was present in patient 5,
whose paternal aunt presented with dextrocardia. Detailed
information regarding this relative was not available. Patient
13’s mother showed postural scoliosis, and the father had
mild scapular asymmetry (higher left scapula).DISCUSSION
Clinical manifestations of PS are extremely variable, and
rarely are all the recognized features present in 1 patient. Thegery c May 2010
FIGURE 2. Schematic representation of rib defects in patients with Poland
syndrome: partial rib agenesis (A) and rib hypoplasia (B).
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Dsyndrome is more common in male than in female subjects
and is more prevalent on the right side than on the left
side.2,3 The most common variation is the absence of the
sternocostal head of the pectoralis major muscle, with con-TABLE 1. Univariate analysis of clinical characteristics of patients with P
Right side (n ¼ 72), no. (%) Left side (n
Sex
Female 22 (30.6) 17
Male 50 (69.4) 33
Ribs
Normal 57 (81.4)* 30
Hypoplasia 6 (8.6) 3
Partial agenesis 7 (10) 17
1 rib 0
2 ribs 7
Dextrocardia
No 72 (100) 36
Yes – 14
OR, Odds ratio; 95% CI, 95% confidence interval; VH, very high. *Two missing data.
The Journal of Thoracic and Carcomitant hypertrophy of the clavicular head and absence
of the pectoralis minor. In some cases, other associated
anomalies, such as dextrocardia, vertebral defects, renal
aplasia or hypoplasia, and lower limb anomalies, have
been described.13-15 PS can be associated with other known
syndromes in the same patient, such as PS and Moebius syn-
drome,16,17 PS and facioauriculovertebral dysplasia,18 and
PS and frontonasal dysplasia.19 Although most described
cases are sporadic, rare familial instances of PS have also
been observed.20
Different possible causes of PS can be taken into consid-
eration, in particular genetic factors (multifactorial or single
gene defect) and teratogenic agents (maternal exposure to
drugs, smoking, and others). The most frequently men-
tioned etiologic theory is the vascular one, according to
which an insult during the sixth week of gestation might
be responsible for anomalies of the pectoralis major muscle
and hand syndactyly. Bavinck and Weaver13 proposed the
term ‘‘subclavian artery supply disruption sequence,’’ sug-
gesting a common pathogenesis for PS, Klipple–Feil syn-
drome, and Moebius syndrome; isolated terminal
transverse limb defects; and Sprengel (high scapula) anom-
aly. According to this hypothesis, interruption of the embry-
onic blood supply in the subclavian or vertebral arteries
produces these variable defects depending on where the re-
striction of blood flow occurs. Paradominant inheritance
was suggested as a possible mechanism for PS.21 Another
proposed concept for PS and several other syndromes is
the presence of an autosomal lethal gene surviving by means
of mosaicism.22
Dextrocardia is a type of cardiac malposition character-
ized by the presence of a cardiac mass in the right hemi-
thorax. The literature presents a great diversity of types of
dextrocardia, with difficulty in underlying precise classifica-
tions. Classical dextrocardia is usually caused by an anoma-
lous rotation of the primitive heart tube to the left in which
the bulboventricular loop bends to the left in a specular im-
age of the normal condition. Dextrocardia can be part of situsoland syndrome
¼ 50), no. (%) OR 95% CI P value
(34) Reference
(66) 0.88 0.40–1.92 .75
(60) Reference
(6) 0.95 0.22–4.07
(34) 4.61 1.72–12.35 .009
3
14
(72) Reference
(28) 57 3.3–VH .00001
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TABLE 2. Clinical features of patients with Poland syndrome with dextrocardia
Patient
no. Sex
Affected
side
Pectoralis
major
(ultrasound)
Pectoralis
minor
(ultrasound)
Affected
ribs Nipple
Upper
limb
Cardiac
defects
Other
malformations
Sporadic/familial
occurrence
1 F L H A PRA 3rd, 4th H BSþ No No S
2 M L NA NA PRA 3rd, 4th
H2nd, 5th
H NR No No S
3 M L H A PRA 3rd, 4th, 5th H NR ? Right undescended
testis, splenomegaly
S
4 M L A NA PRA 2nd, 3rd H H No No S
5 M L A A PRA 3rd, 4th NR NR No IHBD and
hypertelorism
Paternal
grandaunt with
dextrocardia
6 M L A A PRA 3rd, 4th H H No No S
7 M L NA NA PRA 3rd, 4th, 5th H NR No No; asymmetric
mixed sternal
abnormality
S
8 M L A A PRA 4th, 5th, 6th H NR ASD–SC No S
9 F L H A PRA 2nd, 3rd;
H 1st, 4th
NR NR No Convergent squint,
astigmatism,
hypermetropia
S
10 F L H A PRA 2-3-4 H NR No No asymmetric
pectus carinatum
S
11 F L A A PRA 3rd, 4th H NR No No S
12 M L A NR PRA 3rd, 4th H AFþSA No Salivary IgA deficiency
asymmetric mixed
sternal abnormality
S
13 M L A NA PRA 2nd, 3rd H BSþ ASD Sylvian duct
stenosis of
malformative origin
Mother: postural
scoliosis; Father:
mild scapular
asymmetry (higher
left scapula)
14 F L A A PRA 4th, 5th H NR VSD Small congenital
occipital vascular
anomaly, vertebral
schisis C7–T5
S
F, Female; L, left; H, hypoplasia; A, agenesis; PRA, partial rib agenesis; BSþ, brachysyndactyly with some functional rays; S, sporadic; M, male; NA, not available; NR, normal;
IHBD, intrahepatic biliary duct dilatation; ASD, atrial septal defect; SC, spontaneous closure; AF, absent fingers; SA, Sprengel anomaly; VSD, ventricular septal defect.
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Dinversus (transposition of the viscera, such as the liver being
on the left side and the heart on the right side), with an esti-
mated incidence of 1:10,000. The incidence of accompany-
ing cardiac defects in this form is relatively low. The
incidence of dextrocardia with situs solitus (the abnormal
position of the heart is not accompanied by displacement
of other viscera), which is also called isolated dextrocardia,
is 1:30,000 live births and only 1:900,000 in the adult pop-
ulation. This incidence discrepancy is due to the higher per-
centage of associated cardiac diseases, extracardiac diseases,
or both leading to increased mortality.23,24
Most authors call dextroposition the condition in which
the heart is on the right side because of factors that either re-
duce the volume of the right lung or occupy space in the left
thoracic cavity. In this condition, as opposed to primary dex-
trocardia, the apex lies on the left side, and cardiac anomalies
are much less common. The term dextroversion describes1180 The Journal of Thoracic and Cardiovascular Suranother condition resulting from rotational abnormalities
of the cardiac loop during development.5
The combination of PS and isolated dextrocardia has
seldom been described. To date, 22 cases have been publish-
ed.4-11 In all of them (when the description was available),
PS was left sided and associated with rib defects. In only 1
case were PS and dextrocardia associated with abdominal
heterotaxia.4
To the best of our knowledge, the present study is based
on the largest case series of patients with PS. Based on our
14 cases of PS with dextrocardia, we can confirm that dex-
trocardia can be considered a component of a specific
form of this syndrome (ie, left-sided PS with rib defects). In-
deed, in our series the frequency of the association between
PS and dextrocardia (>11.5%) was higher than that previ-
ously reported by Fraser and colleagues5 (5.6%), which sug-
gests that dextrocardia’s incidence in PS is probablygery c May 2010
TABLE 3. Left-sided Poland syndrome with PRA
Levocardia Dextrocardia
Affected ribs No. of cases No. of cases
2nd, 3rd – 3
2nd, 3rd, 4th – 1
3rd 3 –
3rd, 4th – 6
3rd, 4th, 5th – 2
4th, 5th – 1
4th, 5th, 6th – 1
Total 3 14
All 3 patients with partial rib agenesis of a single rib (always to the third rib) presented
with levocardia. All 14 patients with partial rib agenesis of 2 or more ribs presented
with dextrocardia. PRA, Partial rib agenesis.
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the high incidence of left-sided PS with rib defects present-
ing with dextrocardia (14/20 [70%]) and the correlation be-
tween the type of rib anomaly and dextrocardia. In fact, we
found that dextrocardia was always associated with left-
sided PRA and never with left-sided RH. Considering
PRA, the higher the number of ribs involved, the higher
the risk of dextrocardia. This observation seems to suggest
that dextrocardia in patients with PS can be caused by intra-
uterine mechanical factors pushing a normal heart toward
the right side, as Fraser and colleagues5 first suspected
some years ago and other authors proposed again later.10 Ac-
cording to this hypothesis (Figure 3), if only a single left-
sided PRA exists (3/3 [100%] in our series), the pressure
is probably not high enough to displace the heart, whereas
if left-sided PRA of 2 or more ribs is present (14/14
[100%] in our series), dextrocardia always occurs. This me-
chanical etiopathogenetic hypothesis might explain why the
incidence of intracardiac defects in dextrocardia associatedFIGURE 3. Our hypothesis to explain dextrocardia in patients with Poland syn
partial rib agenesis (PRA) of 2 or more ribs. Dextrocardia never occurs in patien
with rib hypoplasia (RH) or PRA of a single rib.
The Journal of Thoracic and Carwith PS (3/15 in our series) is lower than usually observed
in patients with situs solitus dextrocardia, in whom congen-
ital heart defects are almost always (96%) associated.25 On
the other hand, the presence of 3 patients with congenital
heart defects in our series, with a ventricular septal defect
in 1 and atrial septal defects in 2, represents a higher percent-
age than expected if we consider that dextrocardia is second-
ary to merely mechanical factors (ie, dextroposition). If we
speculate the presence of such a higher percentage of heart
anomalies in this category, we might think more toward giv-
ing accreditation to the hypothesis that dextrocardia is part of
the PS spectrum and that it arises before any subsequent
mechanical factor. However, the absence of any classically
associated complex cardiac and extracardiac abnormalities
in this series might weaken the primary isolated dextrocardia
and strengthen the possibility of mechanical forces leading
to dextroposition.
If the mechanical hypothesis is correct, dextrocardia in pa-
tients with PS could be actually considered a dextroposition,
and the left rib agenesis associated with muscular defects is
the causative factor. The displacement of the heart probably
occurs during pregnancy, as in the case reported by Sepul-
veda,11 in which an ultrasonographic study at the 31st
week of gestation demonstrated dextrocardia in a fetus
with postnatal diagnosis of left-sided PS and PRA of multi-
ple ribs. On the same fetus, a previous ultrasonographic scan
at the 21st week did not show heart position anomalies.
Regarding PS treatment, our findings (dextrocardia al-
ways associated with left-sided PS with PRA of 2 or more
ribs) could influence the treatment of this variant. For exam-
ple, one can speculate that dextrocardia could be a protective
factor for the heart against traumatic events. The indication
for a protective thoracoplasty during infancy or childhooddrome (PS). Dextrocardia occurs always in patients with left-sided PS with
ts with right-sided PS or in patients with left-sided PS without rib defects or
diovascular Surgery c Volume 139, Number 5 1181
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of PS is not the topic of our article, and other studies are nec-
essary to elucidate these aspects.
In conclusion, our study confirms that left-sided PS can be
associated with dextrocardia but more frequently than previ-
ously reported. This article addresses that dextrocardia is
a component of left-sided PS with PRA of 2 or more ribs.
Our data seem to confirm the hypothesis that dextrocardia
derives from a mechanical intrauterine displacement of
a healthy heart toward the right side because of a lack of pro-
tection by the thoracic cage against external pressures. Fur-
ther studies are required to confirm this hypothesis.
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